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(54) Method of rapidly consolidating particulate materials In wells 

(57) The present invention provides Improved meth- 
ods of consolidating partcuiate material in a subtena- 
nean zone penetrated by a well txye. The methods 
basically comprise the steps of coating the particulate 
material with a hardenable resin composition and irradi- 
ating the hardenable resin composition coating on the 
particulate material with microwaves to thereby acceler- 
ate the hardening of the resin composition whereby the 
paniculate material is rapidly consolidated into a sta- 
tionary permeable mass. 
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Description 

BACKGHQUMP OF THE IMVgMTin*f 

i.nrtdflfHi«i«»i.^qn 



^^ain^t^^^^T^^ ^""^"^ ^° *^ '^'y <«^Waiinfl partlciilato materials in wells such 

as inconrpetentlDrmalion sands, proppart materials and giav^ "wissucn 

2. DSfiCriBttoH oftiw Priftr Art 

S u^imi? '^JrJl!'* completed in sutrterranean produdno zones containing loose and incomoetent 
sandR Herelotore. such loose and incompetent sands have been consolidated into stationary oermeaSe^^SZ^I^ 
.niectinfl a hartenable resin composition into the produdno zones. That is, the SSt^STsSIIS^i^SS 
zones are coated wrth the haidenat^e resin composition and then the resin conpoSoJSSSto vSSS 
the sands are consolidated into permeable masses. vw«»uii » bwjhw m naraen wdiereby 

100031 The producing zones in ol and gas wells are also often stimulated by hydiautic fracturina In a hvdrmJfe f»ir 
turino procedure a geBed fracturing fluid is punped into the zone to be fractJed at a ratr^S^^ 
or rrore fractures are formed and extended in the zone. A solid particulate pioo^Z^e^^^^^ 
tt» fiactures open is suspended in a portion of the fracturing fluid so that the p^nt ?s d;^^^,?^^? 
tur^ '"^I^ instances. sDorapartdlheproppantmater^ has herrt^^ 

position. The rean composition has been caused to harden after theproppantmatShL^ 

so that the proppant material is consolidated into a stationary p«mBS^m!^iZ^ 

f low-badt with fluids produced fiom the fractured fbrntST ^ consoHdaHon prei/ents proppant 

[00041 In gravel packing operations, solid gravel partides sudi as sand are carried to a subtenanean zone or farm« 

tion in whidi a gravel pad( is to be placed in a gelled canier fluid The aravel oadc is 

andthewalteofawell bore or the insidesurf^^of casing cT^ 

pad( » Often coated with a hardenable resin composition whid. is caused to harda^v^^XS ^ SiSlJES 

^"^'^ P«<=«"floP«rationXT^S^ 
pack. In this instance, the can-ier fluid comprises water or lightly gelled water iniMiari a» a hinn raie water 

SUMMAHV THE lilVgMTini^ 

[0006] The present invention provides improved methods of rapidy consdidatina oariicuiata n^^^u> i- ... ^. ^ 

MBy oompnsed of the steps of coating a partculate material in or to be deposited in a subteiTm 
by a well bore with a hardenable resin composilioa and then inadMing thetadlniili S!?!ZS2iS^ 
mioowaves to thereby accelerate the hardening of the resin compel 
teuWen«erW.2oas^ 

matenal and ihen causing mcrowaves to radiate from the source. «"«wnwwi«ipanicuiate 
[00071 '™»»««^ 0* fracturing a subtenanean zone penetrated by a w^ 

presort .nvenfco whid, are basically conprised of *^ 

«««bore.ntolhe subtenanean zoneatarateand pressure suL^tofrL^^ 
nal coatoJ with a hardenable resin composition whid. is suspended in the oefled^aS^ f 
tureorfracturestormedinthezone. Thereafter. the geded fraouring fluid rweB *»SJ^S^^ 
coaling on the proppant material are irradiated with microwaves wSdi causes thTaccrt^S^!^ 
geaedfraduringffciid Whereby itrevertstoathin fluid and the 

panK:ulate proppant material is consdidated into a stationary perm^ „«a The^ " ^ 
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fluid to a thin fluid and the hardening of the resin composition coating takes place rapidly and the well can be placed on 
production immecfiateiy thereafter. 

[0008] Improved methods of forming a gravel pack in a subterranean zone penetrated by a well bae are also provided 
by this inventkxi The methods basically comprise pumping a carrying f kjid having a particulate material coated with a 
hardenaUe resin composition suspended therein into the subterranean zone whereby the resin conposition coated 
particulate material is deposited between a sand screen and the walls of the well bore in the zone. The hardenable resin 
composition coating on the particulate material is irradated with microwaves to thereby cause the acceleration of the 
hardening of the resin composition coating whereby the particulate material is rapidly consolidated into a permeable 
mass. Thereafter, fluids are produced from the subterranean zone. 

[0009] It is. therefore, a general object of the present invention to provide methods of rapidly consolidating resin 
coated particulate materials in wells. 

[001 0] A further object of the present invention is the provision of irrproved methods of fracturing subterranean zones 
or forming gravel packs in subterranean zones whereby the hardening of a resin composition coating on the particulate 
proppant material or gravel used takes place very rapkfly. 

[001 1 ] Other and further objects, feati^es and advantages of the present invention will be readily apparent to those 
skilled in the art upon a reading of the description of prefen-ed embodiments which follows. 

DESCRIPTiQM OF PREFERRED EMBODIMENTS 

[001 2] The consolidation of loose and incompetent sands in subterranean zones, the creation and propping of frac- 
tures in subterranean zones and the formation of gravel packs in subtenranean zones are treatments well known to 
those skilled in the art. In all of such well treatments, a hardenable resin composition is often coated onto the particulate 
material involved which is caused to harden. 

[001 3] bi one method of consolidating loose and incompetent sands in a subterranean zone, the sands are coated 
with a haidenaUe resin composition by injecting the conposition into the zone. Thereafter, the resin composition is 
caused to harden by formation heating or a hardening agent whereby the sands are consolidated into a stationary per- 
meable mass. In fracturing sutsterranean zones to stimulate the production of hydrocartx)ns therefrom, a particulate 
proppant material, which is typically graded sand, may be coated with a hardenable resin composition and suspended 
In a fracturing fluid. The fracturing fluid is then pumped Into the zone at a rate and pressure which produces one or more 
fractures therein. The fracturing fluid carries the resin coated proppant material into the formed fractures, and the resin 
coating on the proppant material is caused to harden whereby the proppant material is consolidated into a stationary 
permeable mass. The consolklation of the proppant material prevents its f tow-back with fluids subsequently produced 
from the fbrmatloa 

[001 4] In the formation of gravel packs, the ^'avel, which is also typically sand, may be coated with a hardenable resin 
composition and placed between a sand screen and the walls of a well bore by a gelled carrier fluid or by water ir^ected 
at a high rata The resin composition is then caused to harden whereby the gravel pack is consolkiated into a stationary 
permeable mass. 

[001 5] As mentioned above, in all of the above described well treatments, the hardenable resin conposition is caused 
to harden in the sut>terranean zone by formation heating or by contact of the resin with a hardening agent either a 
delayed internal hardening agent or an external hardening agent Howev^, in all of the procedures, a considerable well 
shut-in time is required from when the resin composition hardening process starts to when the particulate material is 
fully consdictated into a stationary permeable mass. 

[001 6] In accordance with the present invention, resin composition coated particulate material is very rapidly consol- 
idated into a stationary permeable mass whk:h signif tcantty reduces the well shut-in time involved. More specifically, the 
time that a well be shut-in before it can be placed on production as a result of waiting for hardenable resin com- 
position coated particulato material to be consdfoated is reduced by the methods of ttie present invention from more 
ttian a day to as little as several hours. 

[001^ The improved methods of ttie present invention for consolidating particulate materia in a subterranean zone 
penetrated by a well bore are bask^lly comprised of tiie steps of coating ttie particulate material with a hardemtrie 
resin composition and ttien irradiating the hardenable resin composition coating on the particulate material with micro- 
waves to thereby accelerate the hardening of ttie resin composition whereby the particulate material is rapidly consoli- 
dated into a stationary permeable mass. 

[0018] When ttie particulate material to be consolkJated is loose or incompetent fbnration sands, ttie sands are 
coated wittt a hardenable resin composition by pumping flie hardenable resin composition into ttie subterranean zone 
containing ttie sands. When ttie particulate material to be consoidated is proppant material tor propping fractures or 
gravel tor forming gravel packs, ttie particulate material can be precoatedwitti a hardenable resin conpositionat a toca- 
tion away from ttie job site, or ttie particulate material can be coated witti a hardenable resin conrpositton on ttie sutfstce 
at ttie site or ttie particulate material can be coated whOe being punrf)ed atttie sita The hardenable resin conposition 
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is suspended in a fiacturlns or cairying f Ud and the fracturing or carrying fluid is punped into the subterranaan 
to be fr«;tured or gmvel packed whereby the ha»Jenable resin coated paSiculate mZ? liTep^^JS^ 
^*^*L • *^ haidenaUe resin composition with ntooiraves is accompiiehed in accordance with the 

ErTiTTlSST'Ti^^ eTTelectronic^Sl^^J^ 
t««^^«lvouJttie wel bore into the subtenaneanzone. microwaves to be radiated from the M«i 

whereby the haidenaWe resin composition in the subternuiean zone is irradtoed with themfc^^ 
desaibed her^nbetow. the simultaneoue microwave irradiation of a gelled irJZ^^^^^^ttl^ 
nean zoneacceleratesthebrealenflof the gelled fluid whereby it rapidly reverts to aW^ 

10020] The improved methods of the present invention for fracturing a stMerranean zone oenefratad bv a .ryau h»» 
basically comprise thefollowingstsps.Aflelledfracturinflfl^^^ 

zone at a ^at^anfpressure sufTcient to fnKiure the zone. A hanlenable resin composition coatil p^Se SSSI 
matenal suspended in the geOed fracturing fluid is carried into the fracture or ftadu^tomeTJ^^ 
both the gelledfracturingfluid and the hardenaue resin oonpositioncoatinflonthep^ 
m.crowavestotherebycausetheaa:elerationoflhebrea«ngoftheflelledfr^ 

r "^"5^ "^"^ is rapidhr caused to revert to a Z fluid and^e^tet^^SS!^ 
n«ter«ns rapKlly consolidated into a stationery permeable mass. Thereafter, fluids are produceZmSe 

I0O21I A variety of particulate materials can be utilized as the gravel used in fbrn^ng vavel oacks and as th« nnw^n. 
notarial usedinfracturesl^^ 

Typ.ca"y. sand » utl»ed tor both gravel packing and fractuing procedures having a partkS» SeTJSs ^SS oTf^oJi 

70 mesh, u S Seve Series, and has a partkto size dstribution range of one or more of 1 0-20mesh 20-40 m«h^ 
60 mesh or 50 70 mesh, depending on the particular applicatkm imolved. ' 
J0W2J The hardenabie resin compo8itk)ns which are useful in accordance with the present invention are wall kn»un 
to those Skilled « the art and are generally comprised of a haidenable organic resin iStSILllSS^ 
to be coated s sand, a resin-to«nd cotp«ng agent Resin conpositiS wtSch^^u^tJ^SS 
plaanfl the resin coated sand in a tonnatton or gravel pack are desaibed. far exanple, Si ua SSTnTTo?^:^ 
^ed to Copeiand. et al. on February 21. 1978 and U.S. Patent Na 4.199.4W IssuSd to mW^ISi^ 
both of which are incorporated herein by reference. Resin oonpositions suitable Ibr 'on-vJnr^^Tl^^ 
m US. Paten, »^ 4.042.032 issued to Anden»n. el al SuSZ^ ^e. ^^T8.7^Z,^S^1^^ 
McUjugNin on January 3 1 . 1 978. and US. Patent Na 5.058.676 issued to Frtz^frtak. etTon bctobe^^l STS S 
whid, are incorporated herein by reference. The hardenabl. organic resin J^oJ^^^Z^^;^^^^ 
■ng to a temperature above about 150- F and/or by contact wHh a hardening^ E^JrJ\m^J^^ 
resina which are partk:ularly suitable for use in accordance witti this invenfiS, L noSZS« pS^e^T 
po^yc»^er resrn. phenoJ-aWehyde reeins. urea-aWehyde resins, furan resins and ur^S^S^iS^SS^ eSS- 
aWe at various viscosities, depending upon the molecular weight of the resin. The CfaM^seoii^!^^^ 

»wiHbeunde«tood. resins of higher viscositto^ 

plesofsuitablediluentsforpolyepoxide resins arestyrene oxide. octyleneo»de.fi^ 

monoepoxides such as allyl glycklyl ether, and UquU diepoiddes such as dig^ddyllZ^ioS 2 

T^^Tf!^y^ ""^ ^^■^"'^ reams and urea-SSSf r«S ^^dST^ar^^SJ^S^ 
ta furfunrt ataohol. furftiial. phenol and aesol. DHuenis wh»h are geneialy wff33f tSl«toiI[?J2«^ 
tioned above are phenols, fcrmaldehyde&ftrtirylateohol and furfural. ''™*™*"°'^«*an««resi«'nen. 
1002^ As mentioned, a coupling agent is utilized in the hardenabie resin convositkNis to aavide enuniirv, «r 
s«n to sand and other silidous materials. A particulariy suitable such coi^i^Wte^ «SS2n?S^ 
mixture of such compounds selected from the ^oip consisting of N-^^tartrM^!^ . f 

Man^ 

pos*oii The internal hartenwg agent is sel^ 
penod Of lime suflkSert for the resin oomposi*^ 

lengthen or shorten the pumping time can be utized with tfielwdenii^^ 

lOCCq Suilableinternalhaideningagertslorreslnconposittonstormedofpolyepoxideresire 

J« tojaiwies. polyvTrin... amides and polyamide.. A Oquid eutectto mixtue^?*^ a^i^^S^ '«^^ 

w* methylalcohd can alsobeutizedExamplesof inters 



EP0 933498 A1 



tions containing furan resins, phenol-aldehyde resins, urea-aldehyde resins and the like are hexachloroacetone. 1,1.3- 
trichlofotrif luaoacetone. benzotricNoroide, benzylchloroide and benzalchlorolde. 

[QQ26] When a particulate material iuch as sand, bauxite or ceramic material is coated with a hardenabie resin com- 
position and suspended in a fracturing fluid or carrying fluid, various techniques can be utilized. For example, as men- 

5 tioned above the particulate material can be precoated with a hardenabie resin composition at a location remote from 
the job site and shipped to the site for use. Alternatively, the particulate material can be coated on the surtace at the job 
site using conventional techniques and then suspended in the fracturing or carrying fluid to be utilized. In an alternate 
technique, the particulate material can be suspended in the gelled fluid with the hardenabie resin composition being 
injected into the fluid as the fluid containing the susperxled proppant is pumped. i.e.. the resin opposition can be 

10 injected on-the-lly in accordance with the methods described in U.S. Patent Na 4.829.100 issued on May 9. 1989 to 
Murphey. et al. or U.S. Patent Na 5.128.390 issued on July 7. 1992 to Murphey. et al.. both of which are incorporated 
herein by reference. 

[0027] The gelled fracturing fluids or gelled carrying fluids which are useful in accordance with the present invention 
are also well known to those skilled in the art and are generally comprised of an aqueous fiqukl such as fresh water or 

75 salt water combined with a hydratable gelling agent. When the gelling agent hydrates in water, the viscosity of the mix- 
ture increases. The viscosity can be further increased by combining a cross-linking agent with the mixture. The 
increased viscosity reduces fluid loss and alkiws the fracturing or carrying flukJ to transport signifk»nt quantities of 
hardenabie resin coated particulate material into a 8ut>terranean zone and/or fractures created therein. 
[0028] A variety of gelling agents can be utilized including hydratable polymers which contain one or more functional 

20 group such as hydroxyl, cis-hydroxyl, carboxyl. sulfete. sulfonate, amino or amide. Particularly useful such polymers are 
polysaccharMes and derivatives thereof which contain one or more of the nx)nosaccharide units galactose, mannose. 
glucoside. glucose, xylose, arabinose. fructose, glucuronic acid or pyranosyl sulfate. Natural hydratable polymers con- 
taining the foregoing functional groups and units include guar gum and derivatives thereof, locust bean gum, tare, kon- 
jak. tamarind, starch, cellulose and derivatives thereof, karaya. xanthan. tragacanth and canageenan. Hydratable 

?s synthetic polymers and co-polymers which contain the above mentioned functional groups and which have been uti- 
lized heretofore include polyacrylate. polymethacrytate, pdyaaylamide. maleic anhydride, methylvinyl ether polymers, 
polyvinyl polymers, pdyvinylpyn'olidone and xarrthan gum. 

(0029] Prefen'ed hydratable polymers which yiekJ high viscosities upon hydration, i.a, apparent viscosities in the 
range of from about 1 0 centipoises to about 90 cent^ises at concentratk)ns in the range of from about 10 pounds per 

JO 1 .000 gallons to about 80 pounds per 1 .000 gallons in water, are guar gum and guar derivatives such as hydroxypro- 
pylguar and cartx>xymethylguar. cellulose derivatives such as hydroxyethyl-cellulose. cart)oxymethylcelluk>se and car- 
bpxymethylhydroxy-ethylcelluiose. polyacrylate. polymethacrylate. polyvinyl polymers and xanthan gum. 
[0030] The viscosity of gelled fluids of the type described above can be increased by combining cross-linWng agents 
with the gelled solutions. Examples of cross-linking agents which can be utilized include tx>rates, multivalent metal 

35 salts, and other compounds which are capable of releasing multivalent metal ions in an aqueous solution. Exanples of 
such multivalent metal ions are chromium, zirconium, antimony, titanium, iron (ferrous or ferric), catoium, magnesium, 
and aluminum. The above described gelled or gelled arxj cross-linked fracturing or carrying fluids can also include inter- 
nal gel breakers which are known to those skilled in the art such as those of the enzyme type, the oxidizing type or the 
acki txjffer type. The gel breaker's function to cause a viscous gelled f lukl to revert to a thin f luki after a period of tinfie 

40 so that they can be produced back to the surface after they have served tfieir purpose. 

[0031] As mentioned above, in fracture stimulation procedures earned out in subtenranean producing zones, a hard- 
enabie resin compositk>n coated particulate proppant material. e.g. graded sand, is suspended in a viscous gelled frac- 
turing fluid so ttat the coated proppant is carried into the formed fractures and deposited therein when the f tow rate of 
the fracturing fluid and the pressure exerted on the fractured subtenranean zone are reduced. The proppant functions 

45 to prevent the fractures from closing due to over burden pressures, i.e.. to maintain the fractures in an open positton 
whereby produced fluids can flow through the fractures. 

[0032] In accordance with the methods of the present inventton. a sut^terranean zone penetrated by a well bae is 
fractured by first suspending a partk:ulate proppant material coated with a hardenabie resin conpositton in a gefled 
fracturing f lukj. then pumping the gelled fracturing fluid by way of the wel bore into the subterranean zone at a rate and 

50 pressure sufficient to fracture the zone and carry the coated particulate prcppant material into the fracture or fractures 
formed in the zone and next irradiating the gelled fracturing fluid and the hardenabie resin compositton coated proppant 
material with microwaves to thereby cause the acceleration of the breaking of the gelled fracturing flukJ and the hard- 
ening of the resin contposition coating on the propparrt material whereby the fracturing fkud rspkMy reverts to a thh fluki 
and the resin coated particulate proppant material is rapidly consolklated into a stattonary permeable mass in the sub- 

55 terranean zone. Thereafter, fluids are produced from the subterranean zona 

[0033] Also, in accordance with this invention, a gravel pack is formed in a well bore penetrating a subterranean tor- 
matton by suspending a particulate material coated with a hardenabie resin compositton in a canying f luto, punping the 
carrying f lukf and resin compositton coated parttoulate material into the annulus between a sand screen and the walls 
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on the particulate material. AS mentioned abc«.e. th?c^ 

Nflhrate to maintain the particulate material in 8uspensi2.1r«isTeS^r^^ be water punped a. a 

100341 •nortertolurtherillualrat.th.method.dthepresentinvention. 

EXAMPLE 

100361 The glass tiJaescontainino the particulate material and fliidswflrania/^;---^ 

inwn power of 650 watts and were exDosL to an J2: f*^^ ^ microwave oven having a max- 

theset^are5in^;?^a2r 
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TABLE 





CONSOLIDATION TESTS 


5 


ParticLilAte Material 


SizA of Part iCLilatA 
Material. U.S. Sieve 
Series Mesh Range 


HarrtATiahlA RAfdn 
Fioiuoiicumv ncoiii 

Composition 


Ruid 


^JDSofVailOno 


10 


Sinter^ BAuxita 

oil lid OOUAiiO 




PhAfiAlie RAfiifi^ 

r llOimilW • avail ■ 


ous hydroxypropyl* 
guar gel (40#/l000 


oirongiy consoii- 
dated-Gel broken 


IS 


Ceramic Material 


20-40 


Phenolic Resin^ 


Aqueous solution 
containing 2% 
weight KQ 


Strongly consoli- 
dated 




ChelfordSand 


20-40 


Phenolic Resin^ 


Aqueous solution 
containing 2% by 
weight KQ 


Strongly consoli- 
dated 


20 


Ottawa Sand 


20-40 


Phenolic Resin^ 


Aqueous solution 
containing 2% by 
weight KG 


Strongly consoli* 
dated 


25 


Ottawa Sand 


20-40 


Phenolic Resin^ 


Aqueous solution 
containing 2% by 
weight KCI 


Strongly consoli- 
dated 


30 


Sintered Bauxite 


16-30 


Furan Resin® 


Aqueous solution 
containing 2% by 
weight KCI 


Strongly consoli- 
dated 


Ottawa Sand 


20-40 


Furan Resin^ 


Aqueous solution 
containing 2% by 
weight Ka 


Strongly consoli- 
dated 


36 


Ottawa Sand 


16-30 


Epoxy Resin® 


Aqueous solution 
containing 2% by 
weight KCI 


Strongly consoli- 
dated 



^ Commercialy available from Hepwcrth Minerals a Chemicals, Ltd. under the trade designation 'NORCOTE PRIMA^r* 
^ Cross-lmked with delayed borate cross-linker at pH off 1 1 .5. 

^ Commercialy availatrfe from HefMrorth Minerals a Chemicals, Ud. under the trade designation 'NORCOTE SRDC with 
^ DOP^ (shear resistant double coat with driO out preventer). 

^ Commercialy avaflable from Santrd under the trade designation *SANTROL SUPER DC^ (double coat). 
^ Commercially a/ailalsle from Borden Chemical, Inc., Oil Field Products Division, under the trade designation 'SB ULTRA^. 
^ Commercialy available from Borden Chemical. Inc., Oil Field Products Division, under the frade designation "PRB"^ (pro- 
cured resin). 

45 ^ Commercialy avaMable from HaBburton Energy Services. Inc. under the trade designation "H YDROFIX^. The resin 

was coated on*the^. ^ Commerdaily available from Haai)urton Energy Services* Inc. under the trade designation 'PRO 
PLOK33~*. 

[0037] From the results of the tests given in tfie Table, it can be seen that the resin coated particulate matehais tested 
so were quickly consolidated as a result of miaovvave irradiation. 

C0038] Thus, the present invention is well adapted to carry out the objects and attain the features and advantages 
mentioned as well as those which are inherent therem. Whle numerous changes may be made by those sidled in the 
art, such changes are enoonpassedwithtn the spirit of this inverilion as defined by the appended daim^ 

55 Claims 

1 . An irrproved method of consolidating particulate material in a subterranean zone penetrated by a well bore com- 
prising the steps of: 



EP0933498A1 

(a) coaling said particulate material with a hardenable reein coirposrtion: and 

W irradiaBno said hardenaUe resin composition coating on said particulate material with miaoi.raves to 
ttweby accelerate the hardening of said resin composition whereby said particulate material is 
■dated into a stationary permeable mass. conwi 

^ *^ ^ ^ particulate material is coated in accordance with step (a) by pumplna said 

ISfe^Lllirr^'^ 

' 3. ""lei^thodolclaiml wherein said particulate material is coated in aa»d 

away fr«n the sit. Of said well bore, by being coated on the ^,Ts^^ SirT^^H^ 

pumped at the srte of said well bore and lh«i placed into said subterranean zone prior to SryiJi oSI 

a sou«:e of sad n,aowa.es «i said subterranean zone and causing said mioo»«/es to radiaSf Sn^S^S^ 

6. Themethodofclaimlwherelnsaidhardenabteieslncomposilloniscomprisedofaharde^^ 

7. The method of ctaim 6 wherein said haidenaUe organic resin is selected from the gioup of no/olak resins ooive- 
poxide resins, polyester resina phenol-aldehyde reshs. urea-aldehyde resins. tuJr^ZZ^e^ 

8. The method of daim 6 wherein said particulate material is sand and said haidenable resin comoosiiiai furth^ 
comprises an aminosliane coipling agent wowwoie resin compostion further 

^^^iH^S"" * ^'"8 ® particulate material coated with a haidenable resin comooeitinn ««. 

pended therein by way of said well bore into said subteiranean zone wher*y sS^r ^ 
pe^cutatemate.^^depositedbe.weenasa,KfsaeenarK^ 

material is rapidly consolidated Into a stetionary?,ir,SS-?Si^!aS^ ^ "^"^^ 
(c) producing fluids from said subterranean zone. 

11 . The method of daim 9 wherein said hardenable resin composition is comprised of a haidenable organic resii. 

epoxKte resms. polyester resins, phenol-aldehyde resins, urea^ehyde resins. iuJ^r^^^SZ^eS^ 

13. The method of daim 1 1 wherein said particulate material is sand and said haidenable resin coniy»iii«i f.-*- 
ccmpnses an aminosilane coupling agent resm composition further 

14. The method of daim 9 wherein said cairying fluid is conprised of water. 

15. Themethodofdaim9whereinsaidcarryingfUdi8conpiisedofw9torandafv^^ 

17. The method Of daim 15 wherein said carrying fluid further corrprises a aossHlnWnga^ 
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18. The method of claim 1 7 wherein said cross-linking agent is selected from the group consisting of borates and com- 
pounds capable of releasing multivalent metal ions. 

19. An inproved method of fracturing a subterranean zone penetrated by a well bore comprising the steps of: 

(a) suspending a particulate proppant material coated with a hardenable resin composition in a gelled fractur- 
ing fluid; 

(b) pumping said gelled fmcturing fluid of step (a) by way ol said weU bore in^ 

and pressure sufficient to fracture said zone and carry said particulate proppant material coated with said hard- 
enable resin composition into the fracture or fractures formed in said zone; 

(c) iiradating said gelled fracturing fluid and said hardenable resin composition coating on said proppant mate- 
rial with microwaves to thereby cause the acceleration of the breaking of said gelled fracturing fluid whereby it 
rapkJIy reverts to a thin f yd and the hardening of sakl resin composition coating whereby said partk:ulate prop- 
pant material is rapidly consolklated into a stationary permeable mass; and then 

(d) producing f lukte from said subterranean zone. 

20. The method of daim 1 9 wherein said partteulate proppant material is selected from the group consisting of sand, 
bauxite and ceramic material. 

21. The method of daim 19 wherein sakl particulate propping material is sand and sakl hardenable resin composition 
is comprised of a hardenable organic resin and a 

22. The method of daim 21 wherein sakl hardenable organic resin is selected from the group of novolak resins, poly- 
epoxkle resins, polyester resins, phend-aklehyde resins, urea-aldehyde resins, furan resins and urethane resins. 

23. The method of daim 21 wherein sakl coupling agent comprises an aminosilane compound. 

24. The method of daim 19 wherein sakl gelled fracturing flukl is comprised of water and a hydratable gelling agent. 

25. The method of daim 24 wherein sakl hydratable geBing agent is selected from the group of guar gum and deriva- 
tives thereof, cellulose derivatives, pdyaaylate, polymethacrylate, pdyvinyl polymers and xanthan gum. 

26. The method of claim 24 wherein sakl gelled fracturing fluW further comprises a cross-linking agent 

27. The method off daim 26 wherein sakl cross-linking agent is selected from the group consisting of borates and com- 
pounds capable of releasing multivalent metal ions. 
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